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Linking Transport Infrastructure Investments and
Economic Development in Sub-Saharan Africa
Abstract
The study explores the link between investments in transportation
infrastructure, operationalized in terms of road density, and economic
development, defined in terms of gross domestic product per capita
(GDP/Cap), in sub-Saharan Africa (SSA). The findings support the hypothesis
of a positive association between the two variables. The association is
stronger for paved, than for all, roads in general. Furthermore, a negative but
statistically insignificant relationship is observed between unpaved roads and
economic development. Thus, economic development is a function more of
quality, than quantity of roads in SSA. Therefore, a more judicious use of the
scarce resource of sub-Saharan African countries in particular and developing
countries in general will entail seeking to improve the quality of the existing
inventory of roads as opposed to developing new ones. The goal should,
ideally, be to ensure that existing roads are usable all year-round.
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Linking Transport Infrastructure Investments and
Economic Development in Sub-Saharan Africa
Introduction
Transportation has always occupied a significant place on the
development plans of developing countries. In fact, inclusion of
transportation as an element on such plans dates back to the colonial era.
Then, investment in transportation was rationalized on the basis of its ability
to facilitate the exploitation of colonial territories and ultimately the
integration of the peripheral with the metropolitan economy.
Presently, it is widely believed that transportation contributes to
economic development in the erstwhile colonial states in particular and
developing nations in general. However, this belief is based more on
intuition and the results of studies in developed countries (see e.g. Aschauer,
1989; Lynch, 1994) suggesting a positive link between investment in
transportation and economic growth, rather than empirical evidence attesting
to the presence of this relationship in the context of less developed countries
(LDCs). In the rare instances where attempts have been made to explore the
relationship between transportation and economic development in LDCs (e.g.
Shaw and Williams, 1991), the focus has been limited to a single country at
time.l Apart from the limited focus, such studies provide at best a weak basis
for policy making not least because of their descriptive nature and penchant
for qualitative data.
The study discussed here employs quantitative data in an attempt to
explain, as opposed to simply describe, the relationships amongst
transportation and economic variables in a cross-country setting. The focus is
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on sub-Saharan Africa (SSA) and the concern is particularly with investments
in road development projects operationalized in terms of road network
density. The need to examine transportation questions from a cross-country
perspective especially in the case of SSA is aptly articulated by Baum and
Tolbert (1985: 244). They contend that
transport problems often need to be addressed in an
intercountry, and sometimes a regional, context—as,
for example, in sub-Saharan Africa, with its many
landlocked countries, underdeveloped institutions, and
acute shortages of skilled manpower and materials.
The discussion proceeds in the following fashion. Initially, we explore
the theoretical link between transportation and economic development.
Then, we discuss the data and methodological issues involved in the study.
Next, we present and discuss the main findings. The discussion ends with a
set of recommendations and a concluding word.
Transportation and Economic Development: Theory and Evidence
The relationship between investment in transportation and economic
development has been the subject of investigation for quite some time.
Despite this, the subject remains mired in controversy. The controversy is
more over the extent to which investments in transportation affect economic
growth than over the nature of the relationship itself (Lynch and
DeBenedictis, 1995). There appears to be some degree of consensus with
respect to the nature of the relationship. Particularly, it is widely believed
that investment in transportation is positively associated with economic
growth. Lynch and DeBenedictis (1995: 218) lend credence to this assertion
when they make the following claim.
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One fact can be stated with certainty—past research suggests
a positive impact between investments in transportation
infrastructure and the nation's rate of growth.
Such research as is alluded to by Lynch and DeBenedictis, and as noted
at the onset of this discussion, has taken place almost exclusively in
developed nations. Examples include, David Aschaeur's (1989) attempt to
address the question, "Is Public Expenditure Productive?" with respect to the
United States; and the effort by the Ministry of Employment and Investment,
Province of British Columbia, Canada to determine the impact of
investments in transportation infrastructure on economic growth in that
country (see Lynch, 1994).
The dearth of empirical studies on the subject notwithstanding, it is
possible to make an intuitively appealing theoretical argument favoring a
positive association between transportation and economic growth especially
in less developed countries (LDCs) such as those in sub-Saharan Africa. In
such countries, where food preservation techniques are crude at best and non
existent at worst, the need to move agricultural and other products from the
farm to the market cannot be overemphasized. Thus, the availability of
dependable transportation facilities linking rural and urban areas (farms and
markets) will obviously have positive economic implications. In advancing
an identical argument, Baum and Tolbert (1985: 243) state that:
Economic growth and social development are impossible
without adequate transport. Rural roads connecting isolated
areas to markets and sources of supply are essential for
converting agriculture from a subsistence to a commercial
activity.
In echoing this sentiment, Lynch and DeBenedictis (1995: 218) contend that:
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Effective transportation infrastructure permits the strategic
location of industries relative to domestic and export markets
through a cost effective transportation system.
The theoretical argument in support of a positive relationship between
transportation and gross domestic product (GDP)2, an important variable in
the study discussed here, is even more compelling.
The relationship between transportation and CDP. The connection
between transportation and gross domestic product can be discussed at two
different but overlapping levels as follows (USDOT, 1996; Baum and Tolbert,
1985): 1) the share of transportation-related final demand in gross domestic
product (GDP), and 2) the share of value-added generated by transportation
activities in GDP. Each of the two levels accentuates the importance of
transportation to economic development in different ways. Transportation-
related final demand —defined as the totality of all goods and/or services
directly or remotely connected to transportation regardless of the industry of
origin of such goods and/or services—accentuates transportation's economic
importance as a social function. Table 1 shows a sample of activities that fall
under the rubric of transportation related demand. In 1985, as much as 5 to 6
percent of the GDP of developing countries was credited to activities in the
(Table 1, about here),
transport sector alone (Baum and Tolbert, 1985). To be sure, this figure does
not adequately reflect the importance of transportation in the economies of
less developed countries (LDCs). This is mainly because the figure fails to
capture the important linkages between the transport sector and other sectors
of these economies. For instance, transport infrastructure development
constitutes as much as 50 percent of all construction activities in most LDCs.
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This in turn, accounts for almost half of the annual fixed capital formation in
these countries.
As for the share of value-added, the importance of transportation is
underscored in relatively narrower terms relating to transportation's
contribution to the GDP alone. The concern in this case is with the role of
transportation as an end demand (or function) in the lives of consumers or
the general public, national defense and international trade (USDOT, 1996).
However, it is necessary to emphasize that 'value-added' is weak as an
indicator of the relative contribution of transportation to GDP. A leading
reason for this is the fact that products originating in other industries are
employed to satisfy the demand of immediate consumers of transportation
and related services. An example of an immediate or direct consumer of
transportation would be a car purchaser. In this case, the value of all cars
purchased is computed as a measure of how much GDP is generated for
transportation final demand —in other words, the importance of
transportation in GDP.
Data and Methodological Issues
The principal source of the data employed in this study is the electronic
(internet) version of the United States Central Intelligence Agency's (CIA)
World Facfbook (see the CIA, 1997). The factbook contains vital information
on aspects such as geography, people, government, economy, transportation,
communication, total land area, and national defense, of all countries in the
world. Other major sources of data for the study include, The Economist
Book of Vital World Statistics (see the Economist, 1990); and The
Encyclopedia of the Third World (see Kurian, 1992; 1993). The former
contains more detailed statistics on country-by-country transportation
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indicators such as road network, road use, vehicle ownership, road accidents
and fuel consumption and taxation; while the latter contains data identical to
those in the CIA's "World Factbook".
Empirical Referent
The empirical referent of the study is sub-Saharan Africa (SSA). Thus,
the study employed relevant data on forty-six (46) countries. (A complete
listing of the countries included appears later on Table 2). Two countries,
Malawi and South Africa were excluded from the study. On the one hand,
Malawi was exempted because of the unavailability of data on its inventory of
"paved" and "unpaved" roads. South Africa on the other hand, was
deliberately excluded from further analysis for reasons tied to the country's
unique socio-political history as well as its relatively highly developed
infrastructure. South Africa's relatively sophisticated road network system
tends to dwarf that of its regional peers. Certainly, we are aware that, strictly
speaking, the other countries included in the study cannot be considered
homogenous. Rather, they are diverse in many ways. However, we contend,
as have others (e.g. Simon, 1992) that the countries can be considered
homogenous for analytical purposes. After all, a number of common threads
run through the countries' historical and contemporary experiences not least
amongst which is the fact that almost all of them came under the colonial
yoke of one European power or another. Furthermore, the countries are
characterized by conditions of extreme poverty and low levels of
infrastructure development.
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Variables and Measurements
We examined three main independent variables namely, 'total road
network density' (RDENSITY), 'paved road network density' (PVRDENSITY)
and 'unpaved road network density' (UPVRDENSITY). The dependent
variable in each case was 'gross domestic product per capita' (GDPCAP).
Total Road Network Density. The 'total road network density' for any
given country is a function of that country's total road network inventory
and her total land area. More specifically, the value associated with 'total
road network density' is obtained by dividing the total length of a country's
road network, expressed in kilometers (km), by the country's total land area,
expressed in square kilometers (sq. km). This can be expressed in algebraic
shorthand thus:
RdD = RN/LA
where, RdD represents road density;
RdN represents road network (expressed in km); and
LA represents land area (expressed in sq. km).
Total road network density (RDENSITY) is a standardized and internationally
acceptable measure, which essentially provides information on the
proportion of a country's total land area covered by roads (For example, see
The Economist, 1990).
Paved Road Density. The computation of values associated with this
variable proceeded in exactly the same fashion as in the case of 'total road
density' (see above). However, only 'paved', as opposed to all, roads were
included in the computation. Thus, the combined length of a given country's
paved roads was divided by the country's total land area to obtain the value
for 'paved road density' (PVRDENSITY). 'Paved roads' include all roadways
finished or paved with asphalt, tarmac, concrete or cognate materials that
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render such facilities passable under any weather condition all year round.
Unpaved roadways (see description of variable below) on the other hand are
impassable under certain weather conditions and during some periods (e.g.
wet season) of the year. During such periods, the movement of goods and
services, especially, agricultural commodities is rendered difficult at best and
impossible at worst.
Unpaved road density. Unpaved roads, by definition, include all
motorable roads finished with earth, laterite or other natural surfacing
material. As stated above, such roads are impassable during wet seasons or
whenever it rains. This aspect of unpaved, as opposed to paved, roadways is
abundantly significant in sub-Saharan Africa, where the downpours of
tropical rains are often very severe. The procedure for calculating the values
associated with the variable, labeled in the study as "UNPVRDENSITY", is
identical to that for "RDENSITY" and "PVRDENSITY" (see above).
Gross Domestic Product per Capita (GDPCAP). The CIA factbook
provides GDP per capita, measured in U.S. dollars, for every country. By
definition, the term gross domestic product per capita for any given country
refers to the net output of goods and services produced by labour and property
located within that country divided by the country's population. The value
resulting from this computation and reported in typical international reports
of economic indicators, is therefore standardized and can be meaningfully
compared across countries.
Hypotheses
We have already shown, at least at the theoretical level, that
transportation is positively associated with economic development. We have
also alluded to, albeit, country-specific studies suggesting the presence of such
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a relationship. Based on this, and ceteris paribus, we expect to uncover a
positive relationship between road density and gross domestic product per
capita. This is because, the higher the road density — in other words, the
higher the proportion of a country's land area served by roads— the better the
country's chances of increasing the net output of economically productive
factors located within her borders. A lower value for road density suggests
that some areas of the country may be under-served. In this case,
economically productive factors located in such areas are at best minimally
utilized and at worst, neglected. The implication here is ultimately a lower
net output.
Furthermore, and using as a point of departure, the comparative
advantage of paved roads over their unpaved counterparts, we hypothesize
the presence of a statistically stronger relationship between the density of a
country's paved roads and the GDP per capita than we will find between the
density of unpaved roads or all roads combined and economic development
operationalized in terms of GDP per capita. Finally, and cognizant of the
foregoing points, we expect a very weak positive relationship between
unpaved road density and economic growth.
Data Analysis
A simple regression model and concomitant statistics were used to
determine the nature and strength of association between transportation
infrastructure investment, operationalized in terms of road network density,
and economic development, operationalized in terms of GDP per capita.
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Main Findings.
Road network. Some of the main findings of this study are shown on
Table 2. As can be gleaned from the table, Mauritius comes first both in terms
of road density (0.98973) and density of paved roads (0.92054). In other words,
(Table 2, about here).
Mauritius has about one kilometer of road for every square kilometer of her
land area. This is the case for both paved roads in particular and highways in
general. A relatively distant second in this regards is Seychelles, which has a
total road density of about 0.59 and a paved roads density of 0.41. That is,
every square kilometer of land in Seychelles is served by a little more than
half a kilometer of highway and a little less than half a kilometer of paved
road. The country with the least density of road network in general is
Mauritania, which has less than one percent (0.00727) kilometer of road for
every square kilometer of its land area. The least density (0.00003) of paved
road network is associated with Chad. Stated alternatively, every square
kilometer of Chadian land space is served by as little as three centimeters of
paved road.
Road network density and GDP per capita. To test the hypothesized
relationship between investment in transportation, operationalized in terms
of road network density and GDP per capita, three simple regression models
were employed. Models I, II and m, employed 'total road network density'
(RDENSITY), 'paved road network density' (PVRDENSITY) and 'unpaved
road density' (UPVRDENSITY) respectively, as independent variables. The
dependent variable in each case was gross domestic product per capita
(GDPCAP).
Summary results for the three regression models are shown on Table 3.
As the results for Model I reveal, road density is indeed, as hypothesized,
689
positively associated with gross domestic product per capita. According to this
model, as much as 30 percent (R2 = 0.30) of the variability in a country's GDP
per capita is explained by variations in the country's road network density.
(Table 3, about here).
The results obtained in Model II supports our second hypothesis of a
strong positive association between the density of paved roads and gross
domestic product per capita. We note that the R2-value associated with this
model is 0.58. As hypothesized, this relationship (R2=0.58) is stronger than
that for road network density in general and gross domestic product per
capita, which as stated above is 0.30. The R-square value of 0.58 or 58 percent
suggests that a country's investments in paved roadways account for more
that half of the variability in the country's GDP per capita. In other words,
investments in paved roads explains almost 60 percent of the variability in
GDP per capita. Note that the results in both cases are statistically significant at
p < 0.001. The simple regression model for this relationship can also be
summarized in the form,
<y=a+&K.
where,
y is the dependent variable;
a is the value associated with the point at which the
the regression line crosses the y-axis (the y-intercept);
6 is the amount by which the dependent variable, f ,
increases or decreases with each unit increase in the
independent variable, ^
\_ represents the independent variable.
Thus, substituting for values in our model, we obtain the following:
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GDPCAP = 1052.3 + 8728.18PVRDENSITY
(5.979) (7.815)"
R2 = 0.58
DF = 51
** Statistical significant at the p < 0.001 level.
We note that each additional unit of paved road density is associated with
$1,052 US in additional GDP per capita (GDPCAP).
Model HI deviates from Models I and II in several respects. Although
the model essentially supports our hypothesis of a weaker relationship
between unpaved road density and GDP per capita, it must be pointed out that
the relationship is, contrary to our expectation, negative. Furthermore, the
relationship is not statistical significant. Thus, there may in fact, be no
relationship between the two variables. Although Table 4 does not reveal
this, the adjusted R-square associated with the model (Model HI) is -0.017. We
therefore conclude that the proportion of the variance in GDP per capita
explained by 'unpaved roads density' is less than what we would expect even
if the two variables (GDP/cap and 'unpaved roads density) were independent.
Discussion of Findings
The findings of this study have both a logical and an intuitive appeal.
That the findings support the hypothesis of a positive association between
transportation and economic growth can be better appreciated in the light of
the fact that developments in the transport sector affect, and are affected by,
activities in the economy as a whole. By the transport sector, we mean all
productive activities undertaken in order to realize the socio-economic
function of transportation.
091
In this case, the parameters of the transportation industry are
broadened to circumscribe entities involved in, amongst others, the following
activities (cf. USDOT, 1996): 1) building and/or repairing transportation
facilities and equipment; 2) supplying materials and equipment (e.g.
construction materials and equipment) for building and repairing
transportation facilities; 3) operating transportation facilities; 4) managing
transportation programmes and services; 5) supplying for-hire transportation
and related services for individuals, households, businesses, or the public
sector; 6) providing catering services (food, beverages and so on) to employees
of the transport sector. This broad definition captures under its umbrella, a
cross-section of the economy including the construction industry, suppliers of
construction materials and equipment, education (particularly, technical and
vocational centres involved in training road building technicians, mechanics,
drivers and so on), the service industry and agriculture, amongst others.
Thus, efforts to improve the transportation functioning in any given country
through, for example, investments in transportation infrastructure such as
roads, are tantamount to facilitating the performance of the country's
economy as a whole. Conversely, failure to invest in transportation
infrastructure results in the under-utilization or even neglect of the resources
of some areas of, hence, a lower net economic output for, the country.
The stronger association between paved roads and economic
development is also easily comprehensible. That such roads are passable
year-round means a higher return on investment as such infrastructure is
not left unused during some periods of the year (e.g. rainy season) as is the
case with unpaved roads. In fact, this aspect of unpaved roads may well
explain the negative, albeit not statistically significant, relationship between
'unpaved road density' and GDP per capita. This latter finding, particularly
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because it is not statistically significant, should not detract from the main
finding namely, the presence of a positive relationship between investment
in transportation and economic growth. As argued throughout this article,
activities in the transport sector are capable of positively affecting the
economy in many ways.
Consider for instance, the case of road building projects. From a macro-
economic stance, such projects rank high as a generator of employment in
especially penurious economies such as those of sub-Saharan Africa. The
strength of road projects in this respect is a function of their backward linkage
mechanisms, which permit the creation of employment in the construction
material and related industries, and their forward linkage mechanisms,
which make it possible for jobs to be created in sectors dealing with highway-
induced goods and services such as the ready-to-eat foods sold (mostly by
women) at highway rest areas, train stations, and motor parks in developing
countries. Additionally, there is the possibility of job creation in the
automobile and related industries. In this connection, Baum and Tolbert
(1985: 244) have observed that, "the manufacture, assembly and servicing of
transport equipment is a growing activity in populous, low-income countries
such as China, Egypt and India". Apart from employment likely to be
generated through the backward and forward linkage mechanisms of road
building projects, such projects are themselves very capable of creating
enormous job opportunities. Such opportunities range from jobs for
unskilled labourers, through jobs for mid-level technicians and managers, to
positions for engineers and senior managers.
Investment in transportation also has immense positive economic
implications for the agricultural sector, which is the mainstay of the
economies of sub-Saharan Africa. This fact, and the well-established
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economic contention that the need for transportation is a derived need,
notwithstanding, sub-Saharan African countries have consistently ignored
the importance of extending badly needed transportation services to the rural
sector. As a result, the rural areas of these countries have remained socially
and economically backward (Mabogunje, 1981). The economic importance of
extending transport facilities to rural areas in developing economies such as
those of sub-Saharan Africa has been articulated by Johnson (1970, cited in
Mabogunje, 1981). Johnson suggests that three types of roads viz. the
'commuter route', 'farm-to-market roads' and 'truck roads', are necessary to
meet the different socio-economic needs of rural residents. The commuter
route is necessary to facilitate daily traffic to and from places of economically
productive employment; while farm-to-market roads are necessary to permit
access to district markets thereby eliminating the possibility of monopolies or
monosopnies emerging. Finally, truck roads are rationalized on the basis that
they function as a bridge between functional areas thereby allowing each such
area to obtain necessary goods and services from other areas.
Recommendation and Conclusion
With the continuing decline of rail transport, roads have become
arguably the most realistic link between isolated rural areas and markets;
sources of minerals or forest resources and port facilities; as well as different
regions of countries in sub-Saharan Africa. Roads are also the most feasible
connection amongst countries in the region. Given the low levels of
investments in roads, as attested to by empirical evidence uncovered in this
study, it would appear, the importance of roads is not fully understood by
governments and policy makers in these countries. One reason for this may
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be rooted in uncertainties circumscribing the economic implications of
committing scarce resources to the transport sector.
The study provides evidence supporting the hypothesis of a positive
association between investment in roads and economic development. Thus,
governments in sub-Saharan African countries in particular and developing
countries in general will do well to pay a lot more attention to the transport
sector of their economies. That the study uncovered a negative relationship
between unpaved roads and economic development suggests that it is not
simply the quantity, but also, and perhaps more importantly, the quality, of
roads that matter. Therefore, a more judicious use of scarce resources will
entail seeking to improve the quality of existing inventory of roads as
opposed to attempting to develop new ones. Ideally, authorities should strive
to ensure that existing roads are usable all year-round.
Notes
1. A number of the best known attempts to investigate this relationship have taken place in
developed countries. Examples include Aschauer's (1989) study of the link between
transportation investment policy and economic growth in the U.S.; and the effort by the
Transportation Policy Branch of the Ministry of Employment and Investment, Province of
British Columbia, Canada to investigate the relationship between investment in
transportation infrastructure and economic growth in Canada (see Lynch, 1994).
2. The gross domestic product (GDP) is employed here to mean, the net output of goods and
services produced by labor and property located within the borders of a given country, valued at
market prices.
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Table 1: Activities in the Transport Sector with Significant
Implications for GDP in Sub-Saharan Africa
Class of Activity Specific Activity Sector
1. Personal Purchase of:
motor vehicles;
gasoline; oil;
spare parts;
transport services,
ready-to-eat food;
car repairs/main
tenance.
Informal/
formal.consumption of
transportation-
related goods &
services.
2. Gross Private
Domestic
Investment
Investments in:
transport service
delivery activities
(e.g. taxicabs, buses);
food and catering
services at motor
parks and highway
rest areas; automo
bile repair shops;
auto spare parts/
auto dealerships;
imports.
Mostly
informal/
formal
3. Net Imports (-) Importation of:
automobiles /buses,
etc; auto spare
parts; road building
equipment /mate
rials; defense related
purchases.
Formal/
(mostly
govern
ment.
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Table 2: Transportation and Related
Data on Sub-Saharan Africa
COUNTRY |Y
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1. ANGOLA 1975 1,246,700 700 72,626 18,157 54,469 0.0583 0.0146 0.0437
2. BENIN 1960 110,620 1,380 6,070 1,214 4,856 0.0549 0.011 0.0439
3. BOTSWANA 1966 585,370 3,200 11,448 1,590 9,858 0.0196 0.0027 0.0168
4. BURKINA FASO 1960 273,800 700 16,400 1,280 15,120 0.0599 0.0047 0.0552
5. BURUNDI 1962 25,650 600 14,473 1,028 13,445 0.5642 0.0401 0.5242
6. CAMEROON 1960 469,440 1,200 64,625 2,666 61,960 0.1377 0.0057 0.132
7. CAPE VERDE 1975 4,030 1,040 1,100 680 420 0.273 0.1687 0.1042
8. C. AFRICAN REP. 1960 622,980 800 23,738 427 23,311 0.0381 0.0007 0.0374
9. CHAD 1960 1,259,200 600 31,141 32 31,109 0.0247 3E-05 0.0247
10. COMOROS 1975 2,170 700 1,107 400 704 0.5101 0.1843 0.3244
11. CONGO 1960 341,500 3,100 12,745 1,236 11,509 0.0373 0.0036 0.0337
12. COTE DTVOIRE 1960 318,000 1,500 46,331 3,579 42,752 0.1457 0.0113 0.1344
13. DJD30UTI 1977 21,980 1,200 2,879 363 2,516 0.131 0.0165 0.1145
14. EQ. GUINEA 1968 28,050 800 2,744 330 2,414 0.0978 0.0118 0.0861
IS. ERITREA 1993 121,320 570 3,845 807 3,038 0.0317 0.0067 0.025
16. ETHIOPIA N/A 1,119,683 400 24,127 3,289 20,838 0.0215 0.0029 0.0186
17. GABON 1960 257,670 5,200 7,456 560 6,896 0.0289 0.0022 0.0268
18. GAMBIA 1965 10,000 1,100 2,386 764 1,622 0.2386 0.0764 0.1622
19. GHANA 1957 230,020 1,400 38,145 7,476 30,669 0.1658 0.0325 0.1333
20. GUINEA 1958 245,860 1,020 29,750 4,490 25,260 0.121 0.0183 0.10271
21. GUINEA-BIS. 1974 28,000 900 3,200 416 2,784 0.1143 0.0149
0.0994^
22. KENYA 1963 569,250 1,300 62,573 8,322 54,251 0.1099 0.0146
0.0953|
23. LESOTHO 1966 30,350 1,430 5,324 799 4,525 0.1754 0.0263 0.149U
24. LIBERIA 1847 96,320 770 10,029 600 9,429 0.1041 0.0062 0.0979
25. MADAGASCAR 1960 581,540 820 34,750 5,352 29,398 0.0598 0.0092 0.0506
26. MALI 1960 1,220,000 600 15,610 1,661 13,949 0.0128 0.0014 0.0114
27. MAURITANIA 1960 1,030,400 1,200 7,496 1,342 6,154 0.0073 0.0013 0.006
28. MAURITIUS 1968 1,850 9,600 1,831 1,703 128 0.9897 0.9205 0.0692
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Table 2: Transportation and Related
Data on Sub-Saharan Africa
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1. ANGOLA 1975 1,246,700 700 72,626 18,157 54,469 0.0583 0.0146 0.0437
2. BENIN 1960 110,620 1,380 6,070 1,214 4,856 0.0549 0.011 0.0439
3. BOTSWANA 1966 585,370 3,200 11,448 1,590 9,858 0.0196 0.0027 0.0168
4. BURKINA FASO 1960 273,800 700 16,400 1,280 15,120 0.0599 0.0047 0.0552
5. BURUNDI 1962 25,650 600 14,473 1,028 13,445 0.5642 0.0401 0.5242
6. CAMEROON 1960 469,440 1,200 64,625 2,666 61,960 0.1377 0.0057 0.132
7. CAPE VERDE 1975 4,030 1,040 1,100 680 420 0.273 0.1687 0.1042
8. C. AFRICAN REP. 1960 622,980 800 23,738 427 23,311 0.0381 0.0007 0.0374
9. CHAD 1960 1,259,200 600 31,141 32 31,109 0.0247 3E-05 0.0247
10. COMOROS 1975 2,170 700 1,107 400 704 0.5101 0.1843 O.32440
11. CONGO 1960 341,500 3,100 12,745 1,236 11,509 0.0373 0.0036
0.0337|
12. COTE DTVOIRE 1960 318,000 1,500 46,331 3,579 42,752 0.1457 0.0113 0.1344
13. DJIBOUTI 1977 21,980 1,200 2,879 363 2,516 0.131 0.0165 0.1145
14. EQ. GUINEA 1968 28,050 800 2,744 330 2,414 0.0978 0.0118 0.0861
15. ERITREA 1993 121,320 570 3,845 807 3,038 0.0317 0.0067 0.025
16. ETHIOPIA N/A 1,119,683 400 24,127 3,289 20,838 0.0215 0.0029 0.0186
17. GABON 1960 257,670 5,200 7,456 560 6,896 0.0289 0.0022 0.0268
18. GAMBIA 1965 10,000 1,100 2,386 764 1,622 0.2386 0.0764 0.1622
19. GHANA 1957 230,020 1,400 38,145 7,476 30,669 0.1658 0.0325 0.1333
20. GUINEA 1958 245,860 1,020 29,750 4,490 25,260 0.121 0.0183 0.1027
21. GUINEA-BIS. 1974 28,000 900 3,200 416 2,784 0.1143 0.0149 0.0994
22. KENYA 1963 569,250 1,300 62,573 8,322 54,251 0.1099 0.0146 0.0953
23. LESOTHO 1966 30,350 1,430 5,324 799 4,525 0.1754 0.0263 0.1491
24. LIBERIA 1847 96,320 770 10,029 600 9,429 0.1041 0.0062 0.0979
25. MADAGASCAR 1960 581,540 820 34,750 5,352 29,398 0.0598 0.0092 0.050S
26. MALI 1960 1,220,000 600 15,610 1,661 13,949 0.0128 0.0014 O.OII4J
27. MAURITANIA 1960 1,030,400 1,200 7,496 1,342 6,154 0.0073 0.0013 o.ood
28. MAURITIUS 1968 1,850 9,600 1,831 1,703 128 0.9897 0.9205 0.0692||
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Table 3: Summary Statistics for Regression Models
with GDP per Capita as Dependent Variable.
MODEL VAR/TERM COEF. S.ERR T-STAT. P-VALUE R R-SQ N
INTERCEPT
RDENSITY
783.5
4822
274.5
1113
2.853
4.333**
0.006
8.14E-05
I 0.547 0.29 46
INTERCEPT
PVRDENSITY
1052
8728
176
1117
5.979
7815**
3.35E-07
6.41E-10
II 0.762 0.58 46
INTERCEPT
UPRDENSITY
1650
-1172
350.8
2410
4.705
-0.486
2.44E-05
0.63
in 0.073 0.01 46
"Indicates statistical significance at p < 0.001 level.
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